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This paper gives an idea to simulation of three-dimensional space vector 
modulation for neutral point clamped multilevel inverter. Three 
dimensional-space vector modulation (3D-SVM) algorithm is progressed 
method of two dimensional-space vector modulation (2D-SVM) algorithm; 
it leads to reduce the complexity in reference vector identification and 
switching time calculation, also it includes the various advantages of 2D- 
SVM like minimized total harmonic distortion, reduced EMI issues. A 
simple system for the assortment of switching state vectors to track the 
reference voltage vectors without using any redundant switching vectors. 
This proposed method tracks the reference vector by identifying subcubes 
and prisms by using mathematical conditions. Here the cost of the proposed 
technique is independent of voltage levels of inverter. This paper realizes the 
accomplishment of 3D-SVM using a neutral point clamped inverter. The 


Total harmonic distortion simulation results of the proposed method are verified using 
MATLAB/Simulink. 
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1. INTRODUCTION 

Multilevel inverters have growed much concentration in the application of medium voltage and high 
power due to their better presentation evaluated to two level inverters [1]-[4]. Space vector modulation 
(SVM) is a digital switching pulses generation method, where uses the control variable agreed by the control 
system and identifies each switching vector as a point in complex space. Used to the control of pulses for 
switches of multilevel inverter. Prats et al. [5] eliminates the total harmonic distortion (THD). It SVM is a 
digital pulse width modulated (PWM) scheme so to control the selected switch state duty cycle is easy [6]. 
Maximum utilization of DC link voltage and operating in entire modulation region. SVM and sinusoidal 
(SPWM) are introduced under pulse width modulation techniques from these SPWM not used to assess each 
switching state present in multilayer inverter. Both 2D and 3D implementations of SVM are used [7]-[9]. 

The three-phase n-level inverter for vector modulation in two dimensions comprises six sectors and n3 
switching states (for three levels, 33=27 switching states) [10]. Each sector in the SVM should include (n-1)2 
triangles (4 triangles in each sector). There are 3 zero vectors, 12 small vectors, 6 medium vectors, and 6 large 
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vectors [11]. The complexity is caused by the challenge of fermentative the reference vector's position, the 
computation of on-times, and the strength and variety of switching states [12]. 

Tetrahedron identification in a cube is used in the construction of three-dimensional space vector 
modulation utilizing a diode-clamped multilevel inverter, along with challenging matrix calculations to determine 
switching times [13], [14]. This offers a modulation method for use in all programmes that offer 3D vector control. 
This generalized technique, which computes the nearest switching vectors in sequence to the reference vector 
online and computes duty cycles using trigonometric functions and some look-up table values [15], [16]. 

Using a method that gives a broad overview of the modulation characteristics, the 3D SVM is 
implemented. The approach eliminates the need for tetrahedron identification and lookup tables to compute 
duty cycles and is independent of the number of layers [17]. The concept of switching the state vectors 
closest to reference voltage vectors forms the basis of the algorithm for determining the state vectors. The 
lookup tables were used to calculate the switching state vectors and their ON times. The procedure can then 
be used to any number of phases [18]. Three phase inverters can now use a multilayer, multiphase space 
vector PWM method, and prior SVPWM methods are contrasted with this multiphase algorithm [19], [20]. 


2. SPACE VECTORLMODULATION FOR 3-LEVEL NPC MLI 

There is just one switching state per vertices in a 3D space vector modulation; there are no 
redundant switching states [21]-[25]. We may analyze each switching state as a result. Calculations in 
mathematics are easy. No need to determine angles or do transformations. The technique of 3D space vector 
modulation is implemented in Figure 1. 


Reference vectors Va, Vb, Vc 


Ne 
Find in which sub cube 


Find in which tetrahedron 


Né 
Switching time calculations 


Ne 
Producing gating signals 


Figure 1. Process of 3D SVM 


Here reference voltage vector is decomposed into two components as (1): 
Veer Vo +Ve (1) 


where V, is off set voltage and V; is two level voltage. In a-b-c coordinates, it is expressed as (2): 


Vrefa Voa] [Veta 
Verb = [Von |+|Viw (2) 
Vrefc Voc Vite 
The offset component written as (3): 
Voa int(Vyefa) 
Vo= ss} int(Vre fp) (3) 
Yocd Lint Vrerc) 


The reference voltage is summation of the offset voltage and two-level components V, is defined as (4): 


Vela 
Vpe=Vref-Vo= | Vel (4) 
Vele 


Because the reference vector in a 2D SVM has redundant switching states, identifying it might be 
challenging. Therefore, mathematical analysis is easy. It is quite simple to investigate each switching state. In 


Bulletin of Electr Eng & Inf, Vol. 12, No. 2, April 2023: 719-726 


Bulletin of Electr Eng & Inf ISSN: 2302-9285 im) 721 


contrast to complete harmonic distortion and 2D-space vector modulation, reference vector identification is 
simpler, which should lessen the voltage stress on the devices. The Figure 2 shows the 3D-SVM cube diagram. 
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(-a-aayl/ 


Figure 2. 3D-SVM cube diagram 


Tetrahedrons for vector modulation should be positioned in each subcube in 3D space. Each 
subcube contains a tetrahedron with six faces. Therefore, the tetrahedron that the reference vector is pointing 
at needs to be defined. Using normalized reference vectors (Xa, Xb, and Xc), it is simple to identify this 
tetrahedron; the process is comparable to subcube identification. The 3D region is the phase difference 
between these three planes. The Figure 3 shows the representation of tetrahedrons in each subcube. The 
values of the normalized reference vector are, 


U,=Sid, + s2d, + S3d, + S4d, 
U,=Sid, + s2d, + S3d, + Std, 
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Figure 3. Representation of tetrahedrons in each subcube 


Following the discovery of the state vectors that produce each reference vector, the relevant duty 
cycles are determined. Assume that the reference vector's (a, b, c) coordinates are normalised. The formula 
for duty cycle is d1+d2+d3+d4=1. The major stage entails calculating the four space vectors ul, u2, u3, and 
u4 that correspond to the four vertices of a tetrahedron in the chosen sub cube once (a, b, and c) coordinates 
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are given. These vectors will produce the necessary reference vector, and Figure 4 (in Appendix) depicts the 
flow chart for implementing 3D SVM. Calculating the final two vectors, u2 and u3, comes next. These 
vectors are computed for an optimum switching sequence such that when the inverter changes states, 
switching only happens in one phase. In order to reduce switching loss, this is done. The calculation is based 
on the idea that the vector closest to any subcube vertex is swapped first in order to achieve this result. The 
duty cycle calculations for tetrahedron 1 can be: 


Vila = Max (Vy) 
Vib = min (Vy) 
Vic = min (vy) 


The reference vector and its integer component are the sole variables that affect duty cycles. In order 
to reduce the switching number, the optimum switching succession is also chosen. The space vectors are the 
overturn progression in the second half cycle. The space vectors progression in half cycle 


are (Sa, Sp, Sc).(Sa» Sp» Se), (Sa Sp» Se), (Sa, Sp» Se). 


3. SIMULATION RESULTS AND DISCUSSION 

The use of a multilayer inverter with a neutral point diode clamp for 3D SVM implementation. From this 
implementation's provision of the circuit with reference values Va, Vb, and Vc to the generation of the appropriate 
phase voltage values We determine the subcube identification, tetrahedron identification, and switching time 
calculations from simulation. Creating the gating pulses for the inverter's switches based on computations of the 
ON time. Figure 5 illustrates where in a subcube of the complex space plane a reference vector was put. 

After determining which subcube's reference vector was put, locate the tetrahedron using those 
normalised reference vectors. Next, tetrahedron identification to locate reference vectors is shown in 
Figure 6. Following the identification reference vector, the gating pulses for the switches are then produced 
utilising this reference vector. In this three-level inverter simulation, three legs are connected, with four 
switches on each leg for a total of 12 switches. Produced gating pulses are delivered to appropriate switches, 
and three-level diode clamped multilevel inverters can be controlled using these gating signals. 


Figure 5. Subcube identification to find reference vector 


4 


ON FH DM CG 


Figure 6. Tetrahedron identification to find reference vector 


The Figure 7 shows the gating pulses producing from SVM algorithm. Figure 8 illustrates the 
generated gating signals that were utilised to control the inverter after it created output phase voltages from a 
multilayer inverter. Since there is no redundancy in switching states for 3D SVM, each switching state found 
in the tetrahedron should be easily accessible, allowing the algorithm to produce better gating signals. 

Since there are no redundant switching mechanisms in 3D space, output phase voltages and output 
current should be higher than in 2D SVM. Neither look-up tables nor trigonometric functions are used in this 
algorithm. It has been successfully incorporated into very affordable micro controllers. This method can be 
applied as a modulation algorithm in all situations where a 3D control vector is required, such as active filters 
with four wires and single-phase distorted loads that produce large neutral currents, where the use of 
conventional two-dimensional space vector modulations is not an option. Figure 9 illustrates the THD 
analysis for output voltage, which is 0.21%. 
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Figure 7. Gating pulses producing from SVM algorithm 
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Figure 8. Output phase voltages using SVM 
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Figure 9. THD analysis for output voltage 


4. CONCLUSION 

This study describes the simulation of the neutral point clamped multilevel inverter's three- 
dimensional space vector modulation. The 3D-SVM algorithm is a developed version of the 2D-SVM 
algorithm; it reduces the complexity of reference vector identification and switching time computation while 
retaining many of the benefits of 2D-SVM, including reduced EMI problems and overall harmonic distortion 
that is minimised. This algorithm does not identify the subcube and tetrahedron or calculate the duty cycle 
using trigonometric functions or look-up tables. Therefore, by using these 3D SVM, it is possible to provide 
better outputs for neutral point clamped inverters. 
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APPENDIX 
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Figure 4. Flow chart for implementation of 3D SVM 
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